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Background and aims: Past research suggests that sleep problems are associated with increased risky decision-mak-
ing. Similarly, gambling disorder and alcohol use disorder are also associated with increased risky decision-making.
Individuals with gambling disorder or alcohol use disorder have also reported higher rates of sleep problems com-
pared to normal healthy controls. As such, we sought to examine whether sleep problems play a role in the develop-
ment of alcohol use disorder or gambling disorder. Methods: One hundred and forty-one individuals who gamble and
use alcohol, yet do not meet criteria for gambling disorder or alcohol use disorder, were assessed to determine the
correlation between sleepiness, amount of sleep obtained, decision-making, and alcohol or gambling behaviors. Re-
sults: Our results suggest that inconsistent sleep patterns may be associated with increased frequency of alcohol use
and gambling. We did not, however, find a significant correlation between sleep factors and decision-making. Dis-
cussion: Further research is needed to examine the specific relationship between sleep patterns and alcohol use and
gambling frequency. Overall these data suggest that sleepiness or sleep and risky decision-making is not a significant
factor in gambling and alcohol use behaviors in individuals not meeting criteria for alcohol use disorder or gambling
disorder.
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INTRODUCTION
It has been estimated that between 0.6–4.8% of individuals
in the United States have met criteria for gambling disorder
(GD) at some point in their lives (Kessler et al., 2008; Welte,
Barnes, Wieczorek, Tidwell & Parker, 2001). It has been es-
timated that 30.3% of individuals in the United States have
met criteria for alcohol use disorder (AUD) at some point in
their lives (Hasin, Stinson, Ogburn & Grant, 2007). There is
consensus amongst the literature that alcohol and gambling
problems are somehow correlated. For example, Welte et al.
(2001) found that the odds ratio of an individual meeting cri-
teria for current alcohol use disorder and current gambling
pathology was 23.1 in a large community sample, while
other research has found a similarly significant relationship
between the prevalence of alcohol and gambling problems
(Barnes, Welte, Hoffman & Tilde, 2009; Crockford &
el-Guebaly, 1998; Smart & Ferris, 1996). In addition to hav-
ing high comorbidity, it has been suggested that alcohol and
gambling problems may have similar causes or conse-
quences. Specifically, individuals with AUD and GD have
demonstrated similar cognitive deficits (compared to normal
controls) (Cavedini, Riboldi, Keller, D’Annucci & Bellodi,
2002; Goudriaan, Oosterlaan, de Beurs & van den Brink,
2006; Lawrence, Luty, Bogdan, Sahakian & Clark, 2009;
van Holst, van den Brink, Veltman & Goudriaan, 2010),
which may suggest a common cognitive predisposition to-
wards AUD or GD behaviors, or a similar cognitive deficit
resultant of AUD or GD associated behaviors.
One factor involved in AUD or GD associated cognitive
deficits may be sleep. With alcohol, trouble sleeping in
childhood has been found to predict early onset of alcohol
use (Wong, Brower & Zucker, 2009). Also, persons with an
alcohol use disorder, who experience greater sleep problems
after abstaining from alcohol, have shown significantly high
rates of relapse (Brower, Aldrich & Hall, 1998; Gillin et al.,
1994). Although previous research has examined health
issues in individuals with gambling disorder (Desai,
Maciejewski, Dausey, Caldarone & Potenza, 2004;
Erickson, Molina, Ladd, Pietrzak & Petry, 2005; Pasternak
and Fleming, 1999; Scherrer et al., 2005), few studies have
examined sleep problems and gambling disorder.
Lack of sleep itself may produce or exacerbate some of
the cognitive problems associated with AUD and GD. Re-
search has shown that healthy individuals, when deprived of
sleep, begin to show decision-making problems similar to
those seen in individuals with gambling disorder. Killgore,
Balkin & Wesensten (2006) found that after 49.5 hours of
continual wakefulness healthy adults began to make increas-
ingly risky and disadvantageous choices on the Iowa Gam-
bling Task. Research has also shown that after 24 hours of
continual wakefulness neural processing patterns while per-
forming a gambling task significantly change in a manner
that may suggest a propensity towards increased risk seek-
ing (Venkatraman, Chuah, Huettel & Chee, 2007). In addi-
tion, fatigue (measured using the Piper Fatigue Scale) ap-
pears to have a significant positive correlation with the
amount of risk taken in a decision-making task (defined as
amount of money bet during a gambling task) (Frings,
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2012). Considered together, these studies suggest that pro-
longed and continual wakefulness, fatigue, or accumulated
sleep debt may increase risky decision-making in individu-
als who gamble.
Although the topic of sleep has largely been absent from
gambling research, two studies examining sleep and GD
have recently been published. Parhami et al. (2012) exam-
ined the relationship between sleep (using the Pittsburgh
Sleep Quality Index, the Epworth Sleepiness Scale [ESS]),
and gambling severity (based on number of GD diagnostic
criteria met). Sleepiness, assessed with the ESS, showed a
significant positive correlation with gambling pathology
(i.e. from recreational to gambling disordered individuals).
As the authors mention, this study did not account for psy-
chiatric comorbidity, which is quite common in GD (Petry,
Stinson & Grant, 2005). Addressing this issue, Parhami,
Siani, Rosenthal & Fong (2013) used data collected from a
national survey to investigate the correlation between sleep
and gambling problems. Approximately 45.9% of the indi-
viduals who reported problematic gambling behavior re-
ported at least one sleep problem. After controlling for age
and psychiatric comorbidity, problem gamblers were signif-
icantly more likely to report difficulty initiating sleep com-
pared to recreational gamblers, while individuals with GD
reported difficulty initiating and maintaining sleep, and
awaking earlier than desired in the morning. These two stud-
ies suggest that sleep disturbance of some type is likely asso-
ciated with gambling behaviors.
The aforementioned literature suggests that gambling
behaviors are somehow interrelated with sleep problems,
which in turn are associated with risky decision-making.
These relationships, however, have yet to be examined in a
single study. Based on previous evidence, we hypothesize
that sleep problems play a key role in early stages of the de-
velopment of GD through its influence on decision-making.
Therefore, we believe that there will be significant correla-
tions between sleep variables, risky decision-making, and
GD criteria met in individuals who gamble but do not qual-
ify for a diagnosis of GD. Based on the comorbidity and
common psychopathology of AUD and GD, we also believe
that this correlation will be similar to the correlation between
alcohol use, sleep, and decision-making. To test these hy-
potheses, the current study was designed to collect data on
sleepiness (as defined by Johns, 1991), amount of sleep re-
ceived (on average and the night prior to testing), gambling
behavior (including GD criteria met), and alcohol use be-
havior, with an analysis constructed to determine whether
sleep, gambling and alcohol use behaviors, and risky deci-
sion-making are synergistically related.
METHODS
Participants
One hundred and forty-one young adults (18–29 years of
age) from two Midwestern metropolitan areas voluntarily
participated in a study on impulsivity. Participants were re-
cruited using media advertisements and referrals from previ-
ous study participants. Study participants completed their
visits within offices on the campuses of the Universities of
Minnesota and Chicago. Participants were compensated
with $50 gift cards to a nationwide department store. Addi-
tional compensation of two bus tokens (if public transporta-
tion was used to arrive at the study location) or parking
vouchers was also offered. Study visits lasted approximately
two hours and participants were allowed to take breaks as
necessary.
Requirements for entering the study included having
gambled five times in the past 12 months, being within ages
18–29 years, being able to understand and sign the study
consent form, and being able to perform all study proce-
dures. Individuals who endorsed more than three GD criteria
or met criteria for AUD were excluded from this study.
Measures
The Epworth Sleepiness Scale (ESS) (Johns, 1991), a valid
and reliable scale of sleepiness, was used as a measure of
sleepiness. ESS scores have been shown to positively corre-
late with GD criteria (Parhami et al., 2012) and negatively
correlate with executive functioning (Anderson, Storfer-
Isser, Taylor, Rosen & Redline, 2009; Naismith, Winter,
Gotsopoulos, Hickie & Cistulli, 2004). The ESS poses eight
hypothetical situations, which the test taker rates in terms of
how likely they would be to fall asleep in them: (0) no-, (1)
slight-, (2) moderate-, (3) high-chance of dozing. Total
scores, ranging from 0–24, are used for evaluation of sleepi-
ness in this study.
The Mini International Neuropsychiatric Inventory
(MINI) (Sheehan et al., 1998) is a clinical screening tool
used to assess presence of criteria for psychiatric disorders.
The Structured Clinical Interview for Pathological Gam-
bling (SCI-PG) (Grant, Steinberg, Kim, Rounsaville &
Potenza, 2004) is a valid and reliable interviewing tool based
on diagnostic criteria for GD. This is a 10-item question-
naire, with each item representing a criterion for GD.
The Alcohol Use Disorders Identification Test (AUDIT)
(Saunders, Aasland, Babor, de la Fuente & Grant, 1993) is a
well-validated 10-item questionnaire used to assess alcohol
use behaviors and potential problems. Each item is scored
0–4, with a total of 0–40 points possible. Saunders et al.
(1993) suggest that a score of higher than eight likely indi-
cates hazardous or harmful alcohol use.
Decision-making assessment
In addition to completing a guided interview, participants
were asked to complete the Cambridge Gamble Task (CGT)
from the Cambridge Neuropsychological Automated Test
Battery (CANTABeclipse, version 3, Cambridge Cognition
Ltd, UK). The CGT is a valid and reliable computerized cog-
nitive task used to assess the active decision-making process
with a gambling paradigm. Clark et al. (2004) have previ-
ously described the CGT in detail.
Three variables from the CGT were used in this study.
(1) Overall proportion of points gambled (a measure of risk
taking), which has been shown to positively correlate with
prefrontal cortical damage (Clark, Cools & Robbins, 2004),
at-risk alcohol use and alcohol use disorder (Harvanko,
Odlaug, Schreiber & Grant, 2012), and GD (Lawrence et al.,
2009). (2) Quality of decision-making (calculated as the pro-
portion of probabilistically likely decisions chosen), which
has been shown to negatively correlate with damage in the
orbitofrontal areas of the brain. (3) Deliberation time (time it
took to determine which color to select), which has been
shown to positively correlate with diagnosis of alcohol use
disorder (Lawrence et al., 2009).
Procedure
Participants completed study visits in research clinics at the
Universities of Minnesota and Chicago. Data presented in
this analysis were collected as part of an ongoing longitudi-
nal study examining impulsivity in young adults. As part of
this study, participants completed in-office visits at baseline,
and annually (for up to 5 years). In addition to the measures
presented in the current analysis, participants completed a
variety of other self-report and interviewer guided personal-
ity measures and computerized cognitive measures. On av-
erage, study visits took approximately two and a half hours
to complete. The ESS was not introduced into the study ini-
tially, therefore the first completion of the ESS may have oc-
curred at baseline or a later annual visit for some partici-
pants. Only data from the first visit participants completed
the ESS on was used from each participant.
Statistical analysis
Statistical comparisons were made using regression analysis
and Pearson’s correlation coefficient tests. All data were an-
alyzed using SPSS version 21.0 (SPSS IBM, New York,
USA). Based on previous research suggesting that mari-
juana use is significantly related to sleep and alcohol and
gambling behavior (Schierenbeck, Riemann, Berger &
Hornyak, 2008), the participants’ self-reports of marijuana
use was used as a covariate in the analysis. Participants did
not report use of any illicit drugs besides marijuana. The in-
trinsic variables age and gender were included as potential
sources of variance in each regression model. Alcohol use
frequency and AUDIT scores were controlled for when ex-
amining gambling variables, while gambling frequency and
SCI-PG scores were controlled for when analyzing alcohol
variables. Lifetime prevalence of axis-I psychiatric disor-
ders and lifetime prevalence of an impulse control disorder
were included as known correlates of alcohol and gambling
behavior.
Ethics
The respective institutional review boards at the Universities
of Minnesota and Chicago approved all study procedures.
The ethical principles outlined in the Declaration of Helsinki
were followed throughout the conduct of this study. All
study participants provided informed consent before partici-
pating in study procedures.
RESULTS
A total of 141 participants were found to have complete data
and included in the analysis. Overall sample demographics,
gambling, alcohol, and drug use variables, and psychiatric
history can be found in Table 1.
Overall reported lifetime prevalence of axis-I disorders
was: major depressive disorder (n = 32), substance abuse (n
= 11), bipolar disorder (n = 9), antisocial personality disor-
der (n = 7), generalized anxiety disorder (n = 2), panic disor-
der (n = 1), post-traumatic stress disorder (n = 1), and obses-
sive-compulsive disorder (n = 1) with some participants en-
dorsing more than one axis-I disorder. Overall reported life-
time prevalence of impulse control disorders was: compul-
sive sexual behavior (n = 4), compulsive buying (n = 4), eat-
ing disorders (n = 2), intermittent explosive disorder (n = 2),
and trichotillomania (n = 1).
Bivariate correlational analysis was done on all study
variables to be used in subsequent analysis (Table 2). Re-
gression models were used for the primary analysis. To test
for possible multicollinearity issues variance inflation
scores were calculated for the set of independent variables
used in each model, with a variance inflation score threshold
of 10 or greater indicating a significant multicollinearity is-
sue. Variance inflation scores ranged from 1.01–1.45, and
were therefore not indicative of a significant multicol-
linearity issue. Each model used a unique dependent vari-
able (i.e., gambling frequency, SCI-PG score, alcohol use
frequency, and AUDIT score) with the same independent
variables used throughout. Results of this analysis are pre-
sented in Table 3.
Analysis of interactions between sleep variables and
gambling (i.e. gambling frequency and SCI-PG score) and
alcohol (i.e. alcohol use frequency and AUDIT score) vari-
ables was performed using the cross product of the six cog-
nitive and sleep related variables (i.e. ESS total, hours of
sleep last night, hours of sleep on average, CGT deliberation
time, CGT quality of decision-making, and CGT Overall
proportion bet) analyzed with Pearson’s correlation coeffi-
cient analysis. After family-wise error correction using
Hochberg’s step-up procedure (Benjamini & Hochberg,
1995), none of these correlations were significant.
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Table 1. Demographic and clinical variables
Total sample
N = 141
Age (years), mean ± SD 23.38 ± 3.32
Gender
Female, N (%) 61 (43.26)
Education
High school or less, N (%) 5 (3.55)
Some college, N (%) 79 (56.03)
College graduate or more, N (%) 57 (40.43)
Relationship Status
Single, N (%) 134 (95.04)
Married, N (%) 7 (4.96)
Race/Ethnicity
Caucasian, N (%) 113 (80.14)
Other, N (%) 28 (19.86)
Sexual Orientation
Heterosexual, N (%) 129 (91.49)
Other, N (%) 12 (8.51)
Gambling Frequency
Sessions per week, mean ± SD 1.11 ± 1.82
Alcohol Use
Drinks per week, mean ± SD 1.51 ± 1.14
Alcohol Use Disorders Identification Test
Total score, mean ± SD 6.55 ± 4.80
Structured Clinical Interview for Pathological Gambling
Number of criterion present, mean ± SD .25 ± .55
Marijuana Use
Times per week, mean ± SD 0.47 ± 1.36
Lifetime Axis-I Disorder(s), N (%) 37 (26.06)
Lifetime Impulse Control Disorder(s), N (%) 45 (31.69)
Epworth Sleep Scale Total, mean ± SD 7.04 ± 4.04
Hours of Sleep Last Night, mean ± SD 6.72 ± 1.62
Average Hours of Sleep, mean ± SD 7.08 ± 1.14
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DISCUSSION
In this study we examined sleeping habits, sleepiness, and
cognitive decision-making performance in a sample of indi-
viduals who gamble and use alcohol. We found a significant
relationship between hours of sleep last night, and gambling
and alcohol use frequency. We also found a significant rela-
tionship between the CGT variables ‘decision-making’ and
‘deliberation time’, and SCI-PG score. We did not, however,
find that sleep problems and decision-making deficits had a
significant interaction that correlated positively with gam-
bling or alcohol related variables. Thus, our hypothesis that
deficits in sleep or decision-making would have a synergis-
tic effect that positively correlated with gambling or alcohol
use frequency and behaviors was largely unsupported.
We did find that hours of sleep received the night prior to
testing correlated with gambling and alcohol use frequency.
Yet, the direction of this relationship was contrary to our ex-
pectations, with gambling or alcohol use frequency sharing a
positive correlation with amount of sleep received the night
prior to testing. It should be noted that this variable was pri-
marily included in the analysis to ensure that sleepiness
(ESS total score) or poorer cognitive performance was not
simply indicative of one atypical night of less sleep, but
rather average sleep duration or sleepiness. Nonetheless, this
finding may suggest that individuals who use alcohol or
gamble with a greater frequency than their peers may have
greater fluctuations in sleep durations. These fluctuations
could be resultant of decreased sleep after prolonged nights
of gambling or alcohol use on previous days, which are com-
pensated for by longer nights of sleep on other days. We
could speculate that, since data collection sessions occurred
during weekdays, individuals may have used alcohol or
gambled on weekend nights, resulting in longer compensa-
tory sleep duration on weekdays prior to data collection. Un-
fortunately, since individuals were only asked to self-report
their average hours of sleep, we were not able to investigate
this question. Therefore, future studies may want to examine
whether there is a correlation between greater sleep duration
variance over multiple nights and gambling or alcohol use.
Our finding that ESS total scores did not significantly
correlate with SCI-PG scores is consistent with previous re-
search on sleep and gambling severity. For example,
Parhami et al. (2012) examined three groups of gamblers:
recreational, problem, and pathological gamblers, having
met 0, 1–4, and 5 or more GD criteria, respectively. They
found that pathological gamblers had significantly higher
ESS scores than problem and recreational gamblers. They
did not, however, find that problem gamblers had signifi-
cantly greater ESS scores than recreational gamblers. Since
the data we present includes only individuals who could be
considered ‘recreational’ or ‘problem’ gamblers, the lack of
significant correlation between ESS total scores and SCI-PG
criteria replicates this finding.
We did not find significant correlations between the
CGT variables we examined and average hours of sleep per
night, hours of sleep the night prior to testing, or sleepiness
(as represented by the ESS). This finding may contrast pre-
vious research examining a similar question. Frings (2012)
examined the effect of experimentally attenuated sleep dura-
tion (<5 hours), over the course of two nights, on deci-
sion-making. Frings found that individuals who had experi-
mentally reduced sleep duration bet significantly more on a
probabilistic decision-making task compared to those whose
sleep patterns were not manipulated. In the data we present,
however, there were no significant correlations between
sleep variables and amount bet on a probabilistic deci-
sion-making task (the CGT). This may be resultant of the
difference between experimentally reduced sleep patterns
(as in Frings, 2012) and the natural sleep differences we ob-
served in this study, which could simply be reflective of ran-
dom individual differences in sleep duration. This may sug-
gest that, although maladaptive decision-making behavior
may result from acute induced sleep deficits, these deficits
do not appear to naturally occur with a high degree of preva-
lence in the gamblers of the severity sampled in this study. It
should be noted, however, that the data we present does not
address cognitive deficits that may occur during prolonged
gambling sessions or gambling sessions occurring late at
night. As such, individuals who gamble after extended peri-
ods of wakefulness may still be prone to make disadvanta-
geous decisions despite the data we present.
While primarily interested in examining sleep problems
in gamblers, we also analyzed alcohol use behaviors in rela-
tion to sleep as a reference point. The similarity in findings
between alcohol and gambling frequency was unsurprising
considering that alcohol use and gambling frequency are
highly correlated in other research (Barnes et al., 2009;
Crockford & el-Guebaly, 1998; Smart & Ferris, 1996) as
well as in this sample. While statistically controlling for this
correlation, however, we also found similar significant ex-
planations of variance for gambling and alcohol use fre-
quency (i.e. hours of sleep last night, frequency of marijuana
use). Yet, we were surprised to find that sleep or cognitive
variables were (with the exception of sleep last night and
gambling frequency) not correlated with alcohol use vari-
ables. This may be due to the relatively less problematic al-
cohol use occurring in this sample (i.e. not having met crite-
ria for AUD), or because the individuals in this sample vary
in some way (e.g. environmental or social variables) that
was unaccounted for in this study.
Limitations
The authors would like to acknowledge a few limitations
of this study. Many variables used in the analysis were de-
rived from self-report. As such, frequency or severity of
drug use, alcohol use, or gambling frequency may be under-
or over-reported. Although we did not intentionally seek out
college students, a disproportionately large number of indi-
viduals in this sample are, or were, a college student (as
shown in Table 1).
CONCLUSIONS
A sample of young adults who gamble and use alcohol were
evaluated for sleep and cognitive problems associated with
gambling and alcohol use behaviors. Sleep issues or cogni-
tive deficits were largely unrelated to gambling and alcohol
use frequency or problems. Yet, amount of sleep received
the night prior to testing did have a significant correlation
with alcohol use and gambling frequency. Overall, this
study suggests that there is not a significant interaction be-
tween sleep, sleepiness, and risky decision-making in young
adults who gamble and use alcohol. Since there was a signif-
icant effect of hours of sleep received prior to the night of
testing, future research may want to examine sleep patterns
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over multiple days or weeks to investigate whether gam-
bling or alcohol use frequency is associated with inconsis-
tent nightly sleep durations.
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